In this paper we consider a model of Poincare gauge theory (PGT) in which a translational gauge field and a Lorentz gauge field are identified with Einstein's gravitational field and a pair consisting of a "Yang-Mills" field and its partner, respectively. In this model we re-derive some special solutions and consider one of them. The solution represents a "YangMills" field without its partner field and the Reissner-Nordstrom-type spacetime, which are generated by a PGT-gauge charge and its mass. The main purpose of this paper is to investigate the interaction of massless Dirac fields with these fields. As a result, we find the interesting fact that the left-handed massless Dirac fields behave in a different manner from the right-handed ones. This can be thought of as being caused by the direct interaction of Dirac fields with the "Yang-Mills" field. Accordingly, this phenomenon cannot occur in the case of neutrino waves in ordinary Reissner-Nordstrom geometry. The difference between left-and right-handed effects is calculated quantitatively, considering the scattering problems of the massless Dirac fields by our Reissner-Nordstrom-type black hole. §1. Introduction
§1. Introduction
Poincare gauge theory was first formulated by Utiyama 1) and Kibble, 2) and later developed by Hayashi,3) Hehl and his collaborators. 4 ) Since then, PGT has been studied by many people. Most of them have adopted a model with nine independent parameters. The physical meaning of these parameters has been examined until now only in the weak-field approximation. 5) A good choice for parameters and also PGT itself will, of course, have to be tested eventually through some experiments. However, before doing so we need to understand the behavior of strong Poincare gauge fields and therefore to have some exact solutions of PGT with nine independent parameters. But it is very difficult to exactly solve this full theory. Thus various models have been proposed and solved by many authors. 6) Among these solutions there seem to exist some whose properties depend strongly on the structure of the gauge group and therefore have little dependence on the choice of parameters, i.e., on the peculiarity of the models. For example, several years ago 7) one of the authors s. -I. N akariki et al.
obtained exact solutions (monopole solutions) in a model where PGT can be actually identified with complex Einstein-Yang-Mills theory. The idea is based on a universal property which is an extension of 't Hooft's original idea: 8) any non-Abelian theory can have a monopole solution if it has a compact covering group in its static limit. Accordingly, the investigations based on the solutions seem to give us some universal results.
In this paper we shall re-derive some special solutions of those mentioned above, but using a different method from that in Ref. 7) . Using this method we can more naturally interpret two kinds of integral (vector) constants, Q2 and Q1 as the "gauge charges" which create the "Yang-Mills" field and its partner field, respectively. Also, the magnitude IQ21 can be identified with an electric charge, according to Kalb's anzatz. 9 ) On the other hand, our gravitational field is generated not only by the mass M but also by two gauge charges Q1 and Q2 through the combination q* 2 = The difference between (I) and (III) may, for example, be clarified by considering the correction of the classical Kepler orbits. The details will be discussed in a forthcoming paper.
It is well-known in the weak-field approximation that the Poincare gauge fields interact with the Dirac field through only the axial part of the Lorentz gauge fields. In our solutions, the Dirac fields are also able to interact with the gravitational field through the gauge charge q* 2 . In fact, in the region Ll : : : : : : : r2 -2M r + q* 2 > 0, our Dirac equation can be written as [,k8 k + ±Llmnk,ka mn -!i~J ,a,5
where ,k and a mn are Dirac matrices and their combinations, respectively. Here, Llkmn are Ricci's rotation coefficients, and Q2 [a] is an a-component of Q2. From this we can easily see that the Dirac fields can directly interact with the "Yang-Mills" field through the gauge charge Q2, while they cannot directly interact with the partner field, but only through the gravitational field. This means that the direction of Q1 has no effect on the Dirac fields, and, therefore, if we set Q1 = ° we should be able to consider the behavior of the Dirac field in the gravitating "pure Yang-Mills" field which is generated by the gauge charge Q2 and the mass M. This is the motivation of this paper. Incidentally, in this case the gravity is a type of the Reissner-Nordstrom spacetime with the gauge charge Q2 in place of ordinary charges.
Our investigation is carried out using the Newman-Penrose formalism, in terms of which the problems concerning the behavior of the neutrino waves in Kerr geometry have been discussed mainly by Chandrasekhar. 10) In this paper we are discussing our problem following his approach as closely as possible. As a result, we find the interesting fact that the left-handed massless Dirac fields behave in a different manner from the right-handed ones. This can be considered as being caused by the direct interaction of Dirac fields with the "pure Yang-Mills" field. Accordingly, this phenomenon cannot occur in the case of neutrino waves in ordinary Reissner-Nordstrom geometry.
In the next section some special solutions of PGT-monopoles are derived using a different approach from that in Ref. 
Additionally, a, a, {3, rand ai (i = 1,2"",6) are ten constant parameters. It is well-known that only five of the six ai are independent. 11) In this paper we make a slightly more loose choice than in Ref. 7) . We stipulate a + ia = {3 -ia = r + ~a = 0 and 4al = 3a2 = 2a4 = 24a6, a5 = 2a3. With these, the action integral can be rewritten as
with
where R is a Riemann scalar curvature defined by the metric gfJ,V = bkfLb k v' Then 2~
can be plausibly interpreted as Einstein's gravitational constant, and at and a3 only are parameters to be determined by experiment. From this action (2·3) we can derive the following complex Einstein-Yang-Mills equations (CEYM):
We here use the same notation as in Ref . 7).
(2·5)
Here gl-w is Einstein's tensor, and T(£)J.1.11 is an energy-momentum tensor for the Lorentz gauge field: 
From these equations it is very easy to find a solution similar to the ordinary Coulomb field. In fact, we can obtain from these equations the following exact solution with a complex vector gauge charge Q*(= Q1 + i(2):
The energy-momentum tensor of this field is calculated by (2·8) to be (2·16) Substituting above results into the Einstein equation (2·5) and according to the similar procedure to the real case, 10) we can easily find the following spacetime:
As seen from the relation between L1 and r, the above spacetime is characterized by the value of q* 2: (I) If q* where /-L = Af, ,\ = Iq;2 2 I , K, = It;l, and £, Land e are the latus rectum, the angular momentum, and the eccentricity of the orbit.
In a previous paper 7) we found that the fields a/1-' v/1-could be interpreted as a "Yang-Mills" field and its partner field, respectively. Furthermore, according to Kalb, 9) the following quantity F/1-v can be interpreted as the electromagnetic field tensor:
Following this interpretation the magnitude of the gauge charge I Q21 can be identified with an electric charge by which an electric field, Ek = F Ok = I~il c5 1 k, is created. In this paper we take up case (II) and consider the scattering problems of the massless Dirac fields by the "pure Yang-Mills" fields, when the Dirac field approaches the outer event horizon r + of the R-N type black hole far from the outside. For this purpose we choose Ql = 0, Q2 = (0,0, Q2 [3] ) and al + a3 > 0, and we also choose the tetrad b k / 1-as Applying the variational principle to (3·1) we can derive the following equation:
Here ACk is an axial vector part of the translational gauge field strength: AC k = ~Ekmnpcmnp. It should also be remarked that a new covariant derivative V' klJ! has been introduced here. This is defined in terms of Ricci's rotation coefficients L1kmll
It is convenient for our purpose to resolve the above 4-component Dirac equation (3·3) into two 2-component equations. Using a well-known technique 13) these are given as
Here we put
where ~k JiB (k = 0, 1,2,3) are the identity and Pauli matrices multiplied by ~.
Substituting the results of the previous section into the above equations (3·4) and (3·5), and assuming the dependence on t and ¢ to be ei(oHrh¢) we can obtain the following set of equations: 
Here we define
In order to solve the above equations we put 
where Al and A2 are separation constants. Similarly, the following equations can be derived from (3·10) and (3·11):
We first consider the angular parts of Eqs. (3·16)",(3·23). Operating with £t 1 2 and £1 on (3·18) and (3·19), respectively, from the left-hand side we obtain
In the same way we can obtain the following equations from (3·22) and (3·23): .
fi(£ + ~).
We are now in a position to consider the radial parts of equations (3·16)",(3·23).
1
We first note the relations Ll"2 V t 1 = vt oLl"2 and LlV I = VoLl. Applying the former In the same way we can also obtain the following equations from (3·20) and (3·21): Here we have also introduced new quantities Z±, which are defined through
and
For later discussion we would like to note here that the gauge charge Q2 [3] gives contributions which differ for the left-handed massless Dirac fields and the righthanded ones. §4. Scattering of Dirac fields by a black hole with a PGT-gauge charge As stated in the final part of §2, we consider here a scattering problem of the massless Dirac fields by a Reissner-Nordstrom-type black hole having a gauge charge Q2 [3] and a mass M. However, we shall constrain ourselves to discuss only the case in which the massless Dirac fields approach the event horizon r + of the black hole far from the outside.
For this purpose we first note the fact that the following two Schrodinger equations can be obtained from (3·31) and (3·34):
From these equations we can obtain at once the conserved Wronskians,
where the Wronskians are defined as
Also, the following relations are obtained using (3·31) and (3·34):
Before proceeding, we must discuss the conserved current of the massless Dirac field. First, it should be remarked that the Dirac action (3·1) is invariant under the phase transformation 1ft' = eialft (Q = real constant), so that we can obtain the continuity equation (4·6) where Ji-L = bki-Ltjt'yklft. Ji-L can also be written, using the representation (3·2) for Dirac gamma matrices, as Hereafter, we assume Q2 [3] < O. This assumption can be made without loss of generality, because the change of sign means only the exchange of roles of the leftand right-handed fields. To proceed, we further need to distinguish the following two cases: (1) 0-> (Js and (2) 0 < 0-< (Js, where (Js is defined as (Js = -~~~i . In (1), both T* and r* are single-valued functions over the entire range of r + < r < 00, and both potentials V± and V± are continuous and short-rang_e. On the other hand, in (2), r* is also a single-valued function, and the potential V± is continuous over the entire range of T + < T < 00. However, T* has a minimum T*min at T = ~r +. Therefore T* is a double-valued function over the range r + < T < 00, and the potentials V± become singular at r *min. From this fact we may expect the existence of the so-called superradiance, which is well-known in scattering problems of an electromagnetic field by a Kerr black hole. However, that this is not the case can be easily shown in exactly the same way as the case of scattering of massless Dirac fields by a Kerr black hole. 10)
v. In this paper we consider only the case (1) and concretely calculate the reflection and transmission coefficients for both left-and right-handed incident massless Dirac fields. In so doing we first remark that the wave functions Z± (or Z± ) give the same reflection and transmission coefficients because of the relations (3·31) (or (3·34)). Therefore it is enough for us to consider only the scatterings by the potentials V+ and V+, whose two prototypes are displayed in Figs. 1 and 2 .
These potentials tend to decrease whenever the frequency of incident fields ais increased. Accordingly, we can see, before the calculation, that the reflection coefficients decrease (and the transmission coefficients increase), in accordance with the increase of the frequencies of incident fields.
The calculations were performed using the 6th order Runge-K utta method and setting £. = !, M = 1, Q2[3j = -0.675470, 11, = 1, c = 1, q* = 0.5 and with
Einstein's gravitational constant unity. The results are summarized in Table I . §5.
Summary and conclusions
In this paper we have adopted a model of the Poincare gauge theory which can actually be identified with complex Einstein-Yang-Mills theory. We have derived a solution which can be interpreted as the "Yang-Mills" fields generated by the gauge charge Q2 and the spacetime curved by Reissner-Nordstrom-type black hole.
However, this solution is a special one of a more general set of solutions 7) which can be derived using the universal idea following 't Hooft. 8) Accordingly, we expect that these investigations will give us qualitative but universal results.
We have investigated the behavior of the massless Dirac fields in the external Poincare gauge field mentioned above, namely the scattering problems of massless Dirac fields by the gravitating "Yang-Mills" fields generated by the gauge charge Q2 and the mass M.
Our investigation has been carried out using the standard spinor techniques and following Chandrasekhar's method. 10) As a result, we have found the interesting fact that the left-handed massless Dirac fields behave in a manner different from the right-handed ones, owing to the gauge charge Q2 [3] . This fact has also been examined concretely by setting Q2 [3] , q* and lvf to -0.675470, 0.5 and 1, respectively. The results are summarized in Table I , showing that more right-handed massless Dirac fields can come near the outer event-horizon of the Reissner-Nordstrom-type black hole than left-handed ones if Q2 [3] < o.
In this paper we have restricted ourselves to a massless mode of Dirac fields. The same problem for the massive modes will be considered in a forthcoming paper.
